Ga has been used for the detection of various tumors 3, 4) and acute and chronic inflammations. 5, 6) Many researchers have expressed confidence that 67 Ga exclusively binds to transferrin (Tf), a carrier glycoprotein for iron in the blood, 7, 8) and is transported to various tissues by Tf. Many hypotheses concerning the mechanism of 67 Ga uptake by tumors and inflammatory lesions have been proposed, but consensus for the involvement of Tf in those uptakes has not been reached. We reported that 67 Ga uptake by normal soft tissues, such as liver and spleen, occurred in a Tf-bound form, but into inflammatory tissue, such as granuloma induced by turpentine oil [8] [9] [10] and the liver of carbon tetrachloride-treated mouse 11) and rats, 12) occurred in a Tf-unbound form. Moreover we have reported that Tf is involved in 67 Ga uptake by the liver tissue but not in the entry of 67 Ga into the hepatocytes in partially hepatectomized rats. 13) In partial hepatectomy (PH), a part of the blood in circulation is lost together with removed liver tissues, consequently the blood cells and Tf in circulation decrease. Those decreases may cause enhances of the hematopoietic function in bone marrow and the number of Tf receptor (TfR) on various tissues. The decreases and enhances must affect 67 Ga distributions in the blood and liver. In the present study, in order to investigate the effect of those changes on 67 Ga uptake by the liver, we compared the uptake in partially hepatectomized rats with that in venesectioned rats in which only a part of blood in circulation decreased.
MATERIALS AND METHODS

Animals
Male Wistar rats weighing 150-200 g were purchased from Shizuoka Laboratory Animal Center (Hamamatsu, Japan), and were housed in wire mesh cage at a room temperature of 23Ϯ1°C and in relative humidity of 55Ϯ5% and had free access to food and water. This study was conducted in accordance with the standards established by the Guideline for Animal Experimentation of Tohoku Pharmaceutical University.
Operations Partial Hepatectomy (PH): A two-thirds partial hepatectomy was performed according to the technique described by Higgins and Anderson.
14) The values of liver weight after PH were consistent with previous report, 15) and in good agreement with published values, 14) showing successful operation of PH.
Venesection (VS): Two milliliters of blood was venesectioned from the heart by pricking with a 27G needle. Two milliliters was a presumable volume for the loss of blood caused by a two-thirds PH and the volume was estimated by the determination of total iron binding capacity in partially hepatectomized rats.
Administration of 67
Ga Gallium-67 citrate (supplied by Daiichi Radioisotope Laboratory, Ltd., Tokyo, Japan) was diluted with saline to 185 kBq/ml. Each rat was intraveneously injected with 67 Ga in a dose of 37 kBq (200 ml).
Analyses of Blood Cells
The analyses of erythrocyte and reticulocyte contents were performed by Health Science Research Institute, Inc. (Yokohama, Japan).
Removal of Blood, Bone Marrow, and Liver The rats were anesthetized with urethane (1.5 g/kg, i.p.) 4 h after the administration of 67 Ga and blood was obtained from the inferior vena cava and then immediately perfused with cold saline. The whole liver was then removed. Bone marrow was obtained from femoral bones. Blood was centrifuged, washed twice with cold saline and blood cells were collected.
Determination of Radioactivity The amount of radioactive 67 Ga was determined with a well-type NaI-scintillation counter (ARC-300, Aloka, Tokyo, Japan). The uptake ratios of 67 Ga in bone marrow, blood cells and liver were expressed using the following formula: uptake ratioϭA/B A, sample activity (cpm) per sample weight (g) B, total activity administered (cpm) per rat body weight (g)
Cell Membrane Fractionation Liver cell membranes were isolated as described previously. 16, 17) Briefly, rats were sacrificed at various time points (1, 2, 4, 6 d) after PH. The Ga uptake by the liver significantly increased after PH but did not after VS. These differences must be related to the different expression of Tf receptors on the liver after PH and VS.
isolated liver were homogenized in ice-cold buffer (0.25 M sucrose (pH 7.4), 10 mM HEPES, 2 mM EGTA and 1% protease inhibitor cocktail (Sigma-Aldrich)) with 30 strokes on a Dounce homogenizer. The homogenate was then centrifuged at 600ϫg for 10 min, and the resulting pellet was resuspended in the above-mentioned ice-cold buffer. A volume (10.4 ml) of this was mixed with 1.4 ml of Percoll (GE healthcare) in 15 ml Cortex tube and centrifuged at 34540ϫg for 30 min. The top fluffy layer, containing the cell membrane vesicles, was collected and resuspended in 5 volumes of Tris-HCl buffer (pH 7.4). The suspension was centrifuged at 2000ϫg for 10 min and the resulting pellet was subjected to Western blotting analysis.
Western Blotting Analysis of TfR The isolated liver cell membranes were lysed in ice-cold lysis buffer containing 10 mM Tris (pH 7.2), 150 mM NaCl, 0.1% sodium dodecyl sulfate (SDS), 1% Triton X-100, 5 mM EDTA and 1% protease inhibitor cocktail (Sigma-Aldrich). The lysed protein samples were mixed with sample buffer for SDS-polyacrylamide gel electrophoresis containing 62.5 mM Tris-HCl buffer (pH 6.8), 10% glycerol, 2% SDS, 5% b-mercaptoethanol, and 0.025% bromophenol blue. The mixture was boiled at 100°C for 3 min and was size separated by SDSpolyacrylamide gel electrophoresis on 10% polyacrylamide gradient gel (BIO-RAD). The separated membrane proteins were transferred onto polyvinylidene difluoride membranes (GE healthcare) and immunoblot analysis was carried out using the anti-TfR-1 and -2 polyclonal antibodies (Santa Cruz Biotechnology Inc.). Immunoreactive bands were detected with ECL Western blotting detection reagents (GE healthcare) and exposed with X-ray film (FUJIFILM).
Statistical Analysis Statistical analysis was performed using a one-way ANOVA. Differences between normal and surgery groups, or hepatectomy and venesection groups were evaluated using the unpaired two-tailed Student's t-test. Figure 1 shows the analyses of erythrocyte and reticulocyte contents after PH or VS. Erythrocyte contents significantly decreased at 1 d after PH or VS and then gradually increased by 6 d after that (Fig. 1a) . On the other hand, reticulocyte contents gradually increased to 4 d after that (Fig. 1b) . There was no difference of those contents in between PH and VS.
RESULTS
Analyses of Blood Cells
67
Ga Uptake by Bone Marrow, Blood Cells, and Liver Figure 2a shows 67 Ga uptake by bone marrow after PH or VS. The uptake increased at 1 to 2 d after PH or VS and then gradually decreased by 6 d after that. There was no difference of those uptakes in between PH and VS. Figure 2b shows 67 Ga uptake by the blood cells after PH or VS. The uptake significantly increased and reached a maximum at 4 d after VS. On the other hand, the uptake by blood cells slightly increased at 4 to 6 d after PH. Figure 2c shows 67 Ga uptake by the liver after PH or VS. The uptake by the liver significantly increased and reached a maximum at 2 d after PH. On the other hand, the uptake by the liver did not increase after VS at all.
Western Blotting Analysis of TfR In order to investigate whether or not the number of TfR on the liver increased during liver regeneration, Western blotting analysis of TfR was carried out. Figure 3 shows the analyses of TfR-1 and -2. TfR-1 and -2 increased at 1 to 4 d after PH, and then decreased.
DISCUSSION
After PH and VS erythrocyte contents decreased, whereas reticulocyte contents increased (Fig. 1) . 67 Ga uptake by bone marrow after PH and VS increased and these uptakes did not differ from each other (Fig. 2a) . These results suggested that the hematopoietic function in bone marrow was enhanced by PH and VS, and then the blood deprivation by these operations was supplemented.
67 Ga uptake by the blood cells after VS significantly increased (Fig. 2b) . It was reported that reticulocytes induced by the injection of phenylhydrazine had TfRs and as the reticulocytes matured, the density of the receptors on the surface decreased 18) and that Tf might be taken up by rat reticulocytes via receptor-mediated endocytosis. 19) Moreover we reported that 67 Ga in a Tf-bound form was taken up by the reticulocytes via receptor-mediated endocytosis. 20) We consider the blood cells taken up 67 Ga to reticulocytes, since the pattern of 67 Ga uptake by the blood cells (Fig. 2a) and that of reticulocytes contents (Fig. 1b) were similarly identical after VS.
67
Ga uptake by the blood cells after VS reached a maximum at 4 d after VS (Fig. 2b) . On the other hand, 67 Ga uptake by the blood cells did not increase at 1 to 2 d after PH and slightly increased at 4 to 6 d after that (Fig. 2b) . This must be caused by the increase of 67 Ga uptake by the liver after PH (Fig. 2c) . These results suggest that 67 Ga uptake by reticulocytes occurs in circulation but not in bone marrow, since there was no difference of 67 Ga uptakes by bone marrow in between PH and VS (Fig. 2a) . Furthermore we have reported that 59 Fe uptake by the bone marrow was considerably higher than that of 111 In, although the binding affinity of 111 In to Tf was higher than that of 59 Fe. 21) These results suggest that Tf-Fe complex is selectively recognized by reticulocytes of the bone marrow, since Fe is available for hemoglobin production. Therefore 67 Ga may be hard of taking up into reticulocytes in bone marrow, but easy in circulation. It was reported that TfRs in regenerating rat liver cells, after hepatectomy, began to increase within 24 h, peaked at about double the initial value on day 2. 22) We think that Tf-
Ga complex binds to the TfR on hepatocytes surface, since 67 Ga uptake by the liver reached a maximum at 2 d after PH (Fig. 2c) . The fact that 67 Ga uptake by the liver after PH significantly increased whereas did not after VS suggests that only decrease of Tf in circulation by PH or VS dose not enhance the number of TfR on the liver. We ascertained the increase of TfR on the liver during liver regeneration after PH (Fig. 3) . We think that the increase of the number of TfR on the liver after PH is caused by the liver regeneration but not by the decrease of the amount of Tf in circulation. Ga uptake by the liver in partially hepatectomized rats. 67 Ga uptake by the liver in partially hepatectomized rats may be closely related to liver regeneration. The increase of TfR expression on hepatocytes induced by PH must be involved in the increase of 67 Ga uptake by the liver after PH. Tf and TfRs must be necessary to hepatocytes proliferation after PH.
For the distributions of 67 Ga in various tissues, Tf and its receptors are very important. We think that 67 Ga may be available for the estimation to the recovery of the donor liver function after PH for living liver transplantation. The isolated liver cell membranes were lysed and the protein samples were immunoblotted with antibodies to TfR-1 and TfR-2. Both surgery and Western blotting were performed more than three times. Results represent one typical experiment.
